Abstract: Survival and recovery are important dynamic processes of biotic evolution 15 during major geological transitions. Disaster and opportunistic taxa are two significant 16 groups that dominate the ecosystem in the aftermath of mass extinction events. Disaster 17 taxa appear immediately after such crises whilst opportunists predate the crisis but also 18 bloom in the aftermath. This paper documents three disaster foraminiferal species and 19 seven opportunistic foraminiferal species from Lower Triassic successions of South China. 20
Introduction 28
For the survivors of mass extinctions, their fate can be highly variable but also to some 29 extent predictable. Groups with intrinsically high rates of extinction before the crisis often 30 radiate at high rates afterwards whilst evolutionary laggards often recover much more 31
slowly. This is exemplified by the ammonoids, a group characterized by exceptionally high 32 evolutionary rates throughout their history. Having suffered a severe extinction at the 33
Permian-Triassic (P-Tr) they radiated at typically high rates in the immediate aftermath 34 (Stanley, 2007) . Similarly, the bivalves, the evolutionary carthorses of the marine 35 invertebrates, underwent little radiation in the aftermath of the P-Tr extinction with the 36 exception of the spectacular recovery of the claraiids, a family of Òflat clamsÓ belonging to 37 the Pterinopectinidae, that exhibit similarly high evolutionary rates before the extinction 38 (Yin, 1985) . which have long species ranges, and often appear in high stress settings including (but not 46 restricted to) the aftermath of mass extinctions. Opportunists are, by definition, ecological 47 limestones, marls, and claystones that are frequently pyritic (Fig. 2) . Bivalves, brachiopods, 177 and small foraminifers are generally common. Tiny burrows are present but these have not 178 disrupted the cm-scale bedding in the unit and the overall depositional setting is considered 179 to be dysoxic (Wignall & Hallam, 1996; Wignall & Twiitchett, 1999) . 180
2.h. Dajiang section 181
The Dajiang section is situated in the middle part of an isolated carbonate platform 182 
2.i. Wufeng section 191
The Wufeng section is situated in the Wufeng County of western Hubei Province ( Of these, the Daye Formation consists of thinly laminated shales in its lower half and 196 medium-to thick-bedded limestones in its upper part. The Jialingjiang Formation 197 comprises interbeds of dolomite unites and limestone unites (Fig. 3) .
2.j. Shangsi section 199
As one of the candidate GSSPs of the PTB, the Shangsi section contains one of the 200 most detailed records of events during the P-Tr mass extinction in a deep basinal setting (Li 201 et al., 1989; Wignall et al., 1995; Lai et al., 1996) . In the Early Triassic, Sichuan occupied 202 the northwestern margin of the Yangtze Platform (Fig. 1) . The Shangsi section is located 203 30 km west of Guangyuan City, northern Sichuan Province (Fig. 1) . Over 1200 m of strata, 204 spanning the entire Late Permian and Early Triassic, are continuously exposed. The latest 205
Permian Dalong Formation mainly consists of interbeds of limestones, cherts and dark 206
shales with pervasive bioturbation suggesting well oxygenated conditions (Wignall et al., 207 1995) . The Lower Triassic sequence is composed, in ascending order, of the Feixianguan, 208
Tongjiezi and Jialingjiang formations (Fig. 3 ). Of these, the Feixianguan Formation is 209 characterized by a 3.5-m-thick siliceous marly limestone at its base followed by a 210 95-m-thick unit of limestone and a 685-m-thick black shales. The siliceous marl is thinly 211 laminated, pyritic and interpreted to be a dysoxic-anoxic facies (Wignall et al., 1995) . 212
Higher levels in the Formation are dominated by chocolate-coloured marls and thin micrite 213 interbeds together with storm-generated flat-pebble conglomerates (Wignall & Twiitchett, 214 1999) . 215
2.k. Xiangkou section 216
The Xiangkou section is situated in the Xiangkou Town, Zunyi City, northern Guizhou 217 Province ( Fig. 1) . In the Early Triassic, Xiangkou occupied the southwestern margin of the 218 Yangtze Platform. Over 1200 m strata, spanning the latest Permian to Middle Triassic, are 219 continuously exposed. The latest Permian Changxing Formation consists of dark greycherty limestone. The Lower Triassic sequence is composed, in ascending order, of the 221 Yelang and Maocaopu formations (Fig. 3 ). Of these, the Yelang Formation is characterized 222 by a 15-m-thick marl at its base followed by a 175 m-thick unit of limestone and a 160 223 m-thick shales. The marl is thinly laminated and contains a low diversity fauna with 224 abundant Claraia and Lingula suggesting oxygen-restricted conditions. Higher levels in the 225
Formation are dominated by thin micrite interbeds together with storm-generated 226 flat-pebble conglomerates and chocolate-coloured marls. The Maochaopu Formation is 227 characterized by pale grey, medium-to thick-bedded micrite in its lower and middle part 228 and thick-dolomite in its top part. 229
2.l. Lekang section 230
The Lekang section is situated at the Lekang village of the Wangmo County, Guizhou 231 Province ( Fig. 1) pusilla. These are typical disaster and opportunistic forms that are prolifically common in 243 some beds after the P-Tr crisis (Figs. 2, 3) . 244
3.a. Postcladella kahlori 245
Postcladella kahlori (Bršnnimann, Zaninetti & Bozorgnia, 1972 ) is the almost unique 246 taxon of foraminifera in the earliest Triassic. It has usually been identified as 247 has an initial planispiral coiling part and an uncoiled last whorl (Fig. 4) . Formation at Xiangkou section of Guizhou Province (Figs. 3, 4) . Therefore, P. kahlori is a 261 typical and widespread disaster form that bloomed instantaneously in the Palaeotethys after 262 the P-Tr extinction. It is found in a range of environments spanning oxygenated, 263 shallow-water facies (e.g. Dajiang and Cili sections) and deeper, dysoxic facies (e.g.
3.b. Earlandia sp. 266
Earlandia sp. is a tube-like foraminifer with a globular proloculus followed by a long, 267 straight, undivided tubular chamber. It is a common disaster taxon that bloomed 268 immediately in the aftermath of the latest Permian extinction and earliest Triassic 269 extinction (Table 1) Meishan sections (Table 1) . In this study, we also found that Earlandia sp. was very 279 abundant in one bed of the Maochaopu Formation of Xiangkou section in Guizhou 280
Province, South China ( Fig. 5d ). This is the first report of this opportunistic form from 281 Spathian strata. 282
3.c. Globivalvulina lukachiensis 283
Globivalvulina lukachiensis, a new species for the Globivalvulina genus was Groves & …zkan-Altiner, 2005). However, their abundance is very low at these two 294 sections and does not show any characteristics of a disaster taxon. In this study, we found 295
Globivalvulina lukachiensis with a high abundance at the base of microbialite from Cili 296 section ( Fig. 6 ), indicating a typical disaster taxonÕs characteristics. 297
3.d. Hemigordiellina regularia 298
Hemigordiellina, small glomospiroid porcelaneous test with a proloculus followed by 299 undivided tubular second chamber that is streptospirally coiled in a somewhat irregular 300 manner, is a controversial taxon (p. 85 in Gaillot & Vachard, 2007 (Zaninetti & Bršnnimann, 1975) . In this 326 study, glomospirelloid porcelaneous species are attributed to Hoyenella Rettori, 1994 . 327
Hoyenella is one of most common foraminiferal taxa in the Early Triassic strata of South 328
China (Fig. 9) , showing that Arenovidalina 340 chialingchiangensis is an opportunistic form that appeared in the Olenekian (Fig. 3) . 341
3.g. Aulotortus? bakonyensis 342
Aulotortus? bakonyensis was first reported in the Jurassic strata of the Dogger of 343 Hungary (Blau, 1989). Here, we found abundant Aulotortus? bakonyensis in two thin-beds 344 of upper Tongjiezi Formation of Shangsi section (Fig. 3) . These two thin-beds contain 345 hundreds of specimens of Aulotortus? bakonyensis, showing that Aulotortus? bakonyensis 346 is an opportunistic taxon that occurred occasionally in the late Early Triassic. The thickness 347 of each thin-bed is only several millimeters (Fig. 10a, b) , suggesting that this opportunistic 348 taxon bloomed each time for only a very short period. (Fig. 3) . In this bed, 359
Triadodiscus eomesozoicus is abundant but poorly preserved (Fig. 10c, d) . 360
3.i. Meandrospira pusilla 361
Meandrospira pusilla is one of most common foraminiferal species in the Early and 362 (Fig.  373   11) , showing that Meandrospira pusilla is an opportunistic form that appeared in the late 374 Early Triassic. 375
Temporal distribution of disasters and opportunists 376

4.a. Temporal distribution of disasters 377
In this study, we found that disaster foraminifers occurred in the immediate aftermath 378 of the P-Tr extinction (Fig. 12) . Group Postcladella kahlori-Earlandia sp., usually 379 dominated by abundant Postcladella kahlori, Earlandia sp., Globivalvulina lukachiensis, 380 and rare Nodosaria expolita, occurred in the microbialites at Dajiang and Cili sections that 381 followed the latest Permian mass extinction. This foraminiferal group has also been 382 
4.b. Temporal distribution of opportunists 394
In the Dienerian, we did not find any opportunistic or disaster foraminifers in South 395
China. The opportunistic fauna dominates within the Smithian and Spathian and ischaracterized by the extremely prosperous Hemigordiellina and Hoyenella (Fig. 12) . The 397 number of Hemigordiellina regularia and Hoyenella spp. specimens exceeds 200 in a 398 2.2×2.2 cm 2 thin-section in some levels at Shangsi section (Fig. 13) . The lower boundary of 399 the opportunistic fauna interval is defined by the horizon where the Arenovidalina 400 chialingchiangensis first bloomed. The upper boundary of the opportunistic fauna interval 401 is defined by the horizon where the relative abundance of the opportunistic group decreases 402 to less than 50%. 403
Smithian opportunists are divided into three groups based on the stratigraphic ranges. 404
The first group dominated by Arenovidalina chialingchiangensis occurred in the lower 405
Tongjiezi Formation (Fig. 3) . The second group dominated by Hemigordiellina regularia, 406
Hoyenella spp., and Meandrospira pusilla occurred in the middle Tongjiezi Formation (Fig.  407 3). The third group dominated by Aulotortus? bakonyensis, Triadodiscus eomesozoicus 408 occurred in the upper Tongjiezi Formation (Fig. 3) . Opportunistic fauna in the Spathian 409 consists of Earlandia sp., Hemigordiellina regularia, Hoyenella spp., and Meandrospira 410 pusilla (Fig. 12) . 411
Survival strategy response to stressed environments 412
Opportunistic taxa usually take advantage of high-stress, strongly fluctuating 413 environments as a result of dramatic changes in oceanic ecosystems. As such they are 414 In this study, we found that disaster foraminifers develop relatively large populations in 423 the early survival interval. They are replaced by opportunistic foraminifers and other 424 survivors early in the following repopulation period. Both disaster and opportunistic 425 foraminifers had a very short time span, and occurred repeatedly in the Early Triassic. 426
These beds containing disaster and opportunistic foraminifers usually have a low diversity 427 but a high abundance (Fig. 13) . The 'normal' species (including these Late Permian and 428 
Conclusion 438
Three disaster foraminiferal species were identified in the immediate aftermath of the 439 P-Tr mass extinction, i.e. Postcladella kahlori, Earlandia sp., and Globivalvulinalukachiensis. Among them, Postcladella kahlori and Earlandia sp. have also been found as 441 disaster species in many other regions around the world. As such, the bloom (rather than 442 the occurrence) of these disaster forms could be used as evidence of post-extinction strata 443 in the case of lacking conodonts and ammonoids. 444 
